In the courses of our search for bioactive natural products on TRAIL resistance-overcoming activity, the active EtOAc extract from the bark of Celtis tetrandra was chemically investigated. The fractionation of the extract resulted in the isolation of flavanols; (+)-afzelechin (1), (-)-epiafzelechin (2), (-)-catechin (3), and two new flavanol dimers; (-)-epiafzelechin-(4α8)-(-)-catechin (4) and (-)-epiafzelechin-(4α 8)-(-)-epicatechin (5). All isolated compounds 1-5 were tested for their TRAIL resistance-overcoming activity against AGS cells at the concentrations from 5-20 µM. It is likely that the flavanol dimers 4 and 5 exhibited weak activity in the range of the concentration of 10-20 µM as compared with the standard.
Celtis tetrandra Roxb. (family Ulmaceae), is locally known as "Coh tar" or "Ha tong soo" in Lawa village, Chiang Mai province, northern Thailand. It is one of the medicinal plants listed which is used by the villagers in the village but its medicinal property was not mentioned [1] . This plant is a large tree growing up to 20 m in deciduous forest. There is no information of C. tetrandra in traditional medicinal purpose in Thailand and phytochemical constituent of this plant has not yet been reported. Previous phytochemical investigation was found only for the most wellknown species in this genus, C. australis, which flavonoids (flavone C-glycosides and a flavone O-glycoside), a sulfonated benzofuran derivative compound, celtisanin [2] [3] [4] [5] [6] , and a triterpenoid [7] have been isolated.
Tumor necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL) is considered to be one the most promising alternative anticancer treatments recently since it promoted apoptosis in a variety of cancer cells but has no effect in many of normal cell [8] . Unfortunately, many of the cancer cells are resistant to TRAILinduced apoptosis, therefore searching for bioactive natural products which have potential TRAIL resistance-overcoming activity are important and it is our aim of research [9] [10] [11] [12] [13] .
In our screening, numbers of MeOH extracts of Thai plants collected in Thailand have been screened for their ability of overcoming TRAIL resistance against human gastric adenocarcinoma (AGS) cells and the bark of C. tetrandra was selected due to its activity from preliminary screening result (the AGS cell viability reduction was 30% at 10 g/mL) and there is none of report on phytochemical investigation. From large scale extraction, the EtOAc fraction from MeOH extract showed unexpected result in decreasing TRAIL resistance-overcoming activity (the AGS cell viability reduction was 13% at 10 g/mL) when compared to the preliminary test. However, this activity was slightly more active than hexane and n-BuOH fractions from the same large scale extraction at 10 and 100 g/mL and its 1 H-NMR spectrum displayed signals in aromatic region of interesting compounds. Therefore, the EtOAc fraction was subjected to purify. Results from the purification led to the isolation of flavanols; (+)-afzelechin (1), (-)-epiafzelechin (2), (-)-catechin (3), and two flavanol dimers; (-)-epiafzelechin-(4α8)-(-)-catechin (4) and (-)-epiafzelechin-(4α8)-(-)-epicatechin (5) . All of the isolated compounds were evaluated for their TRAIL resistance-overcoming activity.
Epimers 1 and 2 were purified and obtained from a mixture fraction (ratio 1:2 = 1.4:1). They have a molecular formula of C 15 [16] . Although, catechin and its epimers have been found in numerous plants, (+)-catechin (2R, 3S) and (-)-epicatechin (2R, 3R) are the most common diastereomers found in nature [17] .
To the best of our knowledge, there are lack of the 1 H and 13 C-NMR data report in methanol-d 4 for the compounds 1, 2 and 3 and also the comparison of the NMR spectral assignments of the epimers 1 and 2 in acetone-d 6 . Therefore, we wish to provide this information (Tables S1 and S2 ). 6 ) from our isolation. Therefore, from all of these data, the structure of 4 was assigned to be (-)-epiafzelechin-(4α8)-(-)-catechin, a new flavanol dimer isolated from the bark of C. tetrandra. This assigned structure of 4 was also based on the production of 2 and 3 from C. tetrandra. [16, 18] and based on the fact that the (-)-epicatechin is a common epimer found in nature [17] then the (-)-epicatechin was Flavanol dimers Celtis tetrandra Natural Product Communications Vol. 13 (4) 2018 429 assigned for the structure of the unit B. On the basis of the spectroscopic data of 5, the co-isolation of the compound 2 and analysis of the unit B structure, compound 5 was proposed to be (-)-epiafzelechin-(4α8)-(-)-epicatechin. From this conclusion, the spectroscopic data of compound 5 were taken to compare with those published previously for a similar flavanol dimer compound, (-)-epicatechin- (48)-(-) -epicatechin, which were reported in the same acetone-d 6 solvent [18] . The 1 H and 13 C NMR chemical shifts of the methine protons H-2, H-3 and H-4 on the unit A of 5 were similar to the reference compound while the methine protons H-2 and H-3 and the methylene protons H-4 on the unit B were slightly different. However, the multiplicity of the H-2, H-3 and H-4 protons on the unit A and the cis H-2 and H-3 protons on the unit B of 5 showed the same broad singlet signal with those reported for the reference compound.
Compounds 1-5 are in the class of proanthocyanidins which the structures are very diverse. It can be found in form of monomer, dimer, oligomer, complex structure like tannins or flavanol derivatives [19] [20] [21] [22] [23] [24] [25] .
The isolated compounds 1-5, at the concentration varied from 5-20 µM, were assessed by comparing the cell viability of TRAILresistant AGS cell lines in the presence (100 ng/mL) and absence of TRAIL [26] . The greater different in cell viability between the presence and absence of TRAIL indicates strong TRAIL-resistance overcoming activity and luteolin is used as a positive control. Results from the two batches test (Figure 3) , the flavanol dimers 4 and 5 were likely to exhibit weak TRAIL-resistant overcoming activity as shown in figure 3b . The cell viability of the AGS cell lines was slightly decreased at the concentration in the range of 10-20 µM. This activity is quite better than activity of the flavanols 1-3 at the same tested concentrations. The cytotoxicity of a flavanol dimer against human liver (HepG2) tumor cell lines has been reported [21] . 
Experimental
General experimental procedures: NMR spectra were recorded on JEOL ECZ600 NMR spectrometers with a deuterated solvent (acetone-d 6 and methanol-d 4 ) and the chemical shifts of which were used as an internal standard. HRESIMS were obtained on a JEOL LMS-T100LP mass spectrometer while MS were obtained from Shimadzu LCMS-2020. Optical rotations were recorded on a JASCP-1020 polarimeter. Column chromatography was performed using silica gel 60N (Fuji Silysia Chemical Co., Kasugai Japan) and Sephadex LH-20 (GE healthcare, Uppsala, Sweden). Semipreparative HPLC was performed using NAP column, Nacalai Tesque, Kyoto, Japan. Fluorescence was measured using a Fluoroskan Ascent instrument (Thermo Fisher Scientific, Waltham MA, USA).
Plant material:
The barks of Celtis tetrandra were collected from Khon Kaen, Thailand, during 2008-2011, and identified by one of our authors (T. Kowithayakorn). A voucher specimen (KKP601) was deposited at the Department of Natural Product Chemistry, Graduate School of Pharmaceutical Science, Chiba University, Japan.
Extraction and fractionation:
The air-dried and ground barks of C. tetrandra (250 g) were extracted with 85% MeOH (1.5 L, rt., 2 days, × 2). The 85% MeOH layer was collected after filtration and then evaporated to obtain crude MeOH extract. The extract was suspended in 250 mL water and further partitioned sequentially with hexane (500 mL × 4), EtOAc (400 mL × 5) and n-BuOH (400 mL ×2) to give crude hexane (2.54 g), EtOAc (35.72 g, viscous) and n-BuOH (216.64 g, viscous) fractions. The active EtOAc fraction (20.0 g) was subjected to silica gel column chromatography (CC) (hexane: EtOAc 50:50 to 100:0) to obtain five main flavanol fractions; A1-A5. Fraction A1 (100.3 mg) was passed over silica gel column (hexane: EtOAc 50:50 to 100:0) to yield a mixture of 1 and 2 (46.5 mg) which was further purify by semipreparative HPLC (NAP column, MeOH:H 2 O 50:50, flow rate 2.0 mL/min,  max 254 nm) ( Figure S1 ) to give 1 (16.9 mg; t R 10.5 min) and 2 (9.6 mg; t R 13.0 min). Fraction A2 (135.0 mg) was fractionated by silica gel CC gave a mixture of 1 and 2 (54. Fluorometric microculture cytotoxicity assay (FMCA) [27] : The FMCA was assessed in the presence and absence of TRAILresistant AGS cells. Cells were seeded on 96-well culture plates (6× 10 3 cells per well) in 200 µL of medium containing 10% FBS. Then the plate was incubated at 37 C in a 5% CO 2 incubator for 24 h. Later, test samples at different concentrations, with TRAIL (100 ng/mL) and without TRAIL, were added to each well. After an incubation of 24 h, the cell were washed with PBS, and 200 µL of PBS containing fluorescein (10 µg/mL) [28] was added to each well. The plates were incubated 37 C for additional 1 h, and fluorescence a 538 nm with excitation at 485 nm was measured using a Fluorescence Ascent apparatus. Luteolin (purity ≥98%, Sigma-Aldrich) was used as a positive control.
